Twenty human immunodeficiency virus-infected patients experiencing virologic failure of an indinavir-or ritonavir-containing treatment regimen were evaluated in a prospective, openlabel study. Subjects received nelfinavir, saquinavir, abacavir, and either another nucleoside analog ( ) or nevirapine ( ). Patients treated with the nevirapine-containing regimen n ϭ 10 n ϭ 10 experienced significantly greater virologic suppression at week 24 than those not treated with nevirapine ( ). Baseline phenotypic drug susceptibility was strongly correlated with P ϭ .04 outcome in both treatment arms. Subjects with baseline virus phenotypically sensitive to 2 or 3 drugs in the salvage regimen experienced significantly greater virus load suppression than those with baseline virus sensitive to 0 or 1 drug (median week-24 log and change ϭ Ϫ2.24 Ϫ0 .35 log, respectively; ). In conclusion, non-nucleoside reverse transcriptase inhibi-P ϭ .01 tors may represent a potent drug in salvage therapy regimens after failure of an indinavir or ritonavir regimen. Phenotypic resistance testing may provide a useful tool for selecting more effective salvage regimens.
resistance among antiretroviral drugs is common, failure of one regimen may reduce the efficacy of subsequent treatments.
Virologic failure in the presence of indinavir or ritonavir is often associated with well-characterized mutation patterns [4, 5] . In vitro, these mutations may confer high-level phenotypic cross-resistance to other protease inhibitors, including nelfinavir and saquinavir [4] . As a result, simply switching to a second protease inhibitor-containing regimen frequently fails to produce durable viral suppression [1, 2, 6, 7] . Therefore, treatment guidelines recommend 4-drug regimens containing 2 nucleoside reverse transcriptase inhibitors (NRTIs) and 2 protease inhibitors, using, whenever possible, drugs to which the patient is naive [1] . Clinical experience, however, suggests that these regimens may have limited effectiveness [6, 7] .
Non-NRTIs (NNRTIs), such as nevirapine, delavirdine, and efavirenz, are potent antiretroviral agents that generally have no cross-resistance with NRTIs or protease inhibitors. We designed a prospective pilot study to evaluate the role of NNRTIs in patients for whom a protease inhibitor-containing regimen failed. All subjects received a combination of nelfinavir, saquinavir soft-gel capsules, and abacavir (a potent NRTI undergoing clinical evaluation). The first 10 subjects received these three drugs with an additional NRTI, which was chosen on the basis of the patient's prior treatment experience. The second 10 subjects received these three drugs with nevirapine.
There is growing interest in the use of genotypic and phenotypic assays of antiretroviral drug resistance for patient man-agement. Data evaluating the role of these assays in identifying effective drugs for salvage therapy are limited [8] . Therefore, after conducting the pilot intervention trial, we analyzed stored specimens in a blinded manner to evaluate baseline drug resistance as a predictor of subsequent response.
Methods

Study design.
This was an open-label, nonrandomized, singlecenter, prospective study. Subjects must have received at least 24 weeks of continuous therapy with a regimen containing 2 NRTIs and either indinavir or ritonavir immediately prior to study entry. Subjects were required to have a screening virus load 12500 copies/ mL (Amplicor HIV Monitor test; Roche Diagnostic Systems, Branchburg, NJ) and to be naive to nelfinavir, saquinavir (in either the hard-or soft-gel formulations), abacavir, and all NNRTIs. Subjects with a documented history of treatment nonadherence were excluded.
Subjects discontinued all antiretroviral therapy 7 days before initiation of study medications. The first 10 subjects enrolled (nucleoside arm) received a combination of nelfinavir (1250 mg twice daily), saquinavir soft-gel capsules (1200 mg twice daily), abacavir (300 mg twice daily), and an additional NRTI. The NRTI was selected on the basis of the subject's therapy history; an attempt was made to use a new NRTI to which the patient was naive. The selected NRTI was administered at the standard recommended dose. The second 10 subjects enrolled (nevirapine arm) received nelfinavir (1250 mg twice daily), saquinavir soft-gel capsules (1200 mg twice daily), abacavir (300 mg twice daily), and nevirapine (200 mg once daily for 2 weeks and then 200 mg twice daily).
The planned duration of the study was 24 weeks. All subjects were offered long-term therapy beyond 24 weeks with their originally assigned regimen.
Measurements. Safety evaluations (including hematology and serum chemistries) were performed, and virus load and T cell levels (CD4, CD8) were determined at baseline and every 4 weeks thereafter. Plasma virus load was measured by use of a standard assay (Amplicor HIV Monitor test) that has a lower limit of quantitation of 500 RNA copies/mL. Samples that were undetectable using this assay were evaluated with an experimental polymerase chain reaction-based assay that has a lower limit of quantitation of 50 RNA copies/mL (Amplicor Ultrasensitive; Roche Diagnostic). Adherence was monitored prospectively using a standardized questionnaire developed by the Recruitment, Adherence, and Retention Subcommittee of the Adult AIDS Clinical Trials Group [9] . The questionnaire was administered at baseline and at every study visit.
Resistance testing. Viral genotyping and phenotypic drug susceptibility testing were done retrospectively in a blinded fashion on plasma samples obtained at baseline (day Ϫ7). Genotyping by direct sequencing of reverse transcriptase (codons 1-305) and protease (codons 1-99) was done on amplification products or pooled resistance test vectors (see below) by use of an automatic sequencer (Applied Biosystems, Foster City, CA). All sequences were proofread manually and aligned with a human immunodeficiency virus type 1 (HIV-1) strain (NL4-3; GenBank accession no. M19921) as a consensus sequence.
A novel recombinant virus-based assay (ViroLogic, Inc., South For this study, duplicate phenotypic assays were done on each tested patient sample, and five replicate phenotypic tests were done on the drug-sensitive control virus: IC 50 values for each study drug varied by !2-fold across replicate tests for both the patient and control viruses (see footnote to table 1). Sequences from all patients who completed 24 weeks of therapy ( ; see table 1) have been n ϭ 16 provided to GenBank (accession nos. AF124541-56).
Before evaluating the results of phenotypic drug-susceptibility testing in this trial, we defined virus as being phenotypically sensitive to a specific drug if the IC 50 of the subject's virus was !2-fold greater than the IC 50 of the drug-sensitive control virus. One subject's baseline virus was not phenotyped due to the presence of an internal restriction enzyme cleavage site within the amplified protease and reverse transcriptase fragment. For purposes of analysis, subjects were categorized according to the number of drugs in the treatment regimen to which the patient's baseline virus was sensitive (i.e., 0-4 drugs). Due to the small sample size in each phenotypic category, subjects with virus sensitive to 0 or 1 drug were grouped together and those with virus sensitive to 2 or 3 drugs were grouped together to avoid bias from the differential distribution of baseline phenotypes and virologic responses between treatment arms.
Statistical analysis. Median values (with interquartile ranges) were determined for baseline and outcome variables. The primary outcome measure was virus load change at week 24. Differences in week-24 virus load changes between groups were analyzed by use of the Wilcoxon rank sum test. Differences in categoric variables between patient groups were analyzed by use of Fisher's exact test. The predictive value of baseline phenotypic drug susceptibility for virologic outcome was analyzed by use of the Wilcoxon rank sum test and Fisher's exact test. Simple linear regression was utilized to analyze the correlation between number of baseline resistance mutations and change in virus load. 
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Results
Baseline characteristics. A total of 20 subjects were enrolled (10 in each treatment group). As shown in table 2, the 2 groups were well matched in terms of baseline CD4 T cell count, baseline virus load, and prior exposure to NRTIs. All patients had previously received indinavir. Two subjects had received prolonged ritonavir after brief exposure to indinavir. One subject in the nucleoside group had received prior therapy with efavirenz, an NNRTI. Of note, all subjects had evidence of ongoing viral replication in the presence of indinavir or ritonavir for an extended period before switching to the study medications (median, 12.4 months; range, 4.1-25.2 months; data available for 17 subjects). Due to prior exposure or concern for potential side effects, only 4 subjects in the nucleoside group initiated a new NRTI.
Drug safety, tolerability, and adherence. Sixteen subjects completed 24 weeks of study drug therapy. Three subjects in the nucleoside group discontinued therapy between weeks 4 and 8: 1 because of an increase in hepatic transaminase levels (a subject with hepatitis C), 1 because of abdominal pain, and 1 because of bacteremia related to an indwelling intravenous catheter. One subject in the nevirapine group discontinued therapy after 3 days due to diarrhea. Nineteen subjects treated with study drugs for у4 weeks completed the self-administered treatment-adherence questionnaire. Through study week 24, measured treatment adherence was 95%-100% in 14 subjects, 90%-95% in 3 subjects, and 85%-90% in 2 subjects. Adherence was similar in both groups.
Plasma HIV-1 RNA and CD4 T cell levels. The median change in plasma HIV-1 RNA levels in each group is shown in tables 1 and 3. At week 24, the median decrease in virus load in the nucleoside group was Ϫ0.39 log 10 copies/mL (range, Ϫ2.21 to 0.50;
). The median decrease in the nevirapine n ϭ 7 group was Ϫ2.67 log 10 copies/mL (range, Ϫ3.21 to Ϫ0.36; ), which was significantly greater than in the nucleoside n ϭ 9 group ( ). At week 24, the plasma virus load was !500 P ϭ .02 copies/mL in 1 of 7 subjects in the nucleoside group and in 7 of 9 in the nevirapine group ( ); virus load was !50 P ϭ .04 copies/mL in 1 of 7 and 5 of 9 subjects in the 2 groups (P ϭ ). Baseline variables, including age, sex, CD4 cell count, .15 plasma virus load, duration of prior protease inhibitor therapy, number of prior nucleoside agents used, and CD4 cell count before administration of protease inhibitors, did not predict virologic outcome ( for each baseline predictor, bivar-P 1 0.05 iate analysis).
By week 36 of therapy, 1 subject in each group with an undetectable virus load (!500 copies/mL) at week 24 experienced virologic rebound despite continued adherence with therapy. The remaining 6 patients (all in the nevirapine group) had !500 copies/mL at week 36.
Correlation of baseline phenotype and genotype with virologic response. Baseline virus genotypes and virologic response for all 16 subjects who remained on therapy for at least 24 weeks are presented in table 1. The correlation between the number of primary resistance mutations at baseline [10] and the degree of virus load reduction at week 24 was not significant (r ϭ , ). .28 P ϭ .30
Fifteen subjects completed 24 weeks of study therapy and had results from baseline viral phenotypic drug susceptibility testing. As shown in figure 1 and table 1, subjects with virus sensitive to 0 or 1 drug at baseline generally had a transient virologic response to their treatment regimen. In contrast, subjects with virus sensitive to 2 or 3 drugs in their treatment regimen had a sustained antiviral response through week 24. The median change in plasma virus load at week 24 was Ϫ0.35 log copies/mL in subjects with baseline virus sensitive to 0 or 1 drug and Ϫ2.24 log copies/mL in subjects with virus sensitive to 2 or 3 drugs ( ). The correlation between baseline P ϭ .01 phenotypic drug susceptibility and virologic outcome was observed in both treatment arms (see table 1 ). 
Discussion
Although combination therapy has significantly decreased the morbidity and mortality associated with HIV disease [11, 12] , a growing number of patients are unable to achieve durable virus suppression with current treatment regimens. Consistently effective salvage strategies for such patients have not been elucidated. For patients who experience virologic failure with an indinavir-or ritonavir-containing regimen, current treatment guidelines recommend regimens containing 2 new NRTIs and either ritonavir-saquinavir or nelfinavir-saquinavir [1] . In a retrospective analysis of patients followed at San Francisco General Hospital, the first option (ritonavir-saquinavir with 2 NRTIs) was rarely successful [6] . In the current study, the second option (nelfinavir-saquinavir with 2 NRTIs) had limited efficacy in suppressing viral replication.
After failure of an initial regimen, the goal of therapy is to switch to a new regimen of sufficient potency to durably suppress viral replication [1] . Due to broad cross-resistance, which can exist within each class of antiretroviral drugs, simply switching to new drugs within the same class may not provide sufficient potency. On the basis of our results, we believe that salvage regimens for patients experiencing virologic failure with an indinavir-or ritonavir-containing regimen should include at least one agent from a class of antiretroviral agents to which the patient is naive. Most subjects in this study who initiated a drug from a class to which they were naive (NNRTI) achieved an undetectable virus load through week 24 of therapy. Similar results with NNRTI-based salvage regimens were seen in a much larger observational study of protease inhibitor therapy recently performed at San Francisco General Hospital (13 of the 20 subjects in this study contributed to that observational study) [13] . However, the decision to use an NNRTI in a salvage regimen needs to be weighed against the concern that subsequent failure will likely exhaust the patient's therapeutic options. The optimal timing of when to use NNRTIs after failure of protease inhibitor-based therapy is unclear and merits further study.
As a class, NNRTIs are potent and generally well tolerated. Recent data suggest that these drugs, in combination with 2 NRTIs, may be an effective first-line option for treatment-naive patients [14] . The activity of the NNRTIs in patients for whom protease inhibitor therapy has failed has not been reported. Due to the rapid high-level resistance that can occur with these agents, NNRTIs are unlikely to be effective unless other active agents can be initiated concurrently. In this study, 2 nevirapinetreated patients had baseline virus that was sensitive only to nevirapine. Both patients experienced rapid drug failure. There-fore, aggressive regimens combining the NNRTI with drugs that retain at least some antiviral activity are likely to be required.
Due to the complexities of selecting effective salvage treatment regimens and the high prevalence of drug-resistant virus in previously treated patients, the use of drug-resistance assays to evaluate a patient's virus has potential clinical benefits for patient management [8] . Currently, both genotypic and phenotypic assays are undergoing clinical development. Recognizing the lack of a consensus on the significance of specific genotypic mutations [8] , we made no attempt in this study to correlate baseline genotype with virologic response. Larger studies evaluating the role of genotyping in the setting of salvage therapy are currently underway.
Phenotypic assays may provide a more direct measure of drug activity than genotypic assays; however, phenotypic assays are generally more costly, take longer to perform, and require specialized facilities [8] . New high-throughput, rapid turnaround recombinant vector-based phenotypic assays are being developed [15, 16] . In this pilot study, the predictive value of one such phenotypic assay was tested retrospectively. Subjects with a baseline virus phenotypically sensitive to at least 2 of the 4 drugs in the treatment regimen had a potent virologic response through week 24 of therapy, while those subjects whose baseline virus was sensitive to 0 or 1 drug had a transient response or no response. This observation suggests that phenotypic susceptibility testing may play a role in designing patient-specific salvage regimens. Prospective studies are necessary to validate this approach.
This study has several limitations. First, the study was not randomized. Due to the unknown safety of these 4-drug combinations, safety data on nelfinavir-saquinavir and abacavir was necessary before adding the NNRTI. Second, the sample size was small. Although the difference between the 2 groups was statistically significant, larger studies are necessary to confirm our conclusions. Third, pharmacokinetic studies were not done. It is possible that the doses used in this study were not optimal. Nelfinavir increases saquinavir levels ∼5-fold and, thus, potentially allows reduced twice-daily dosing of saquinavir soft-gel capsules [17] . Nevirapine, an inducer of cytochrome P-450 CYP3A, reduces saquinavir levels [18] but probably not nelfinavir levels [19] . The effect of nevirapine on the combination of nelfinavir and saquinavir has not been studied and is difficult to predict. Clinicians should therefore view the data presented with caution. Future studies may indicate that the dose of nelfinavir or saquinavir (or both) may need to be adjusted when used with nevirapine. Fourth, 18 patients had received indinavir only, while 2 had received prior ritonavir. Considering the nearly overlapping resistance patterns of these 2 drugs [4, 5] , we believe that response to salvage therapy would be similar for patients not responding to therapy with either drug [1] . Finally, all patients in this study switched to a salvage regimen long after initial indinavir-or ritonavir-containing regimens failed. Response rates to either treatment arm may have been better if patients switched soon after treatment failure, as is currently recommended [1, 2] . Theoretically, continued therapy with a failing regimen selects for high-level resistance and crossresistance.
In summary, our data suggest that potent viral suppression may be possible after failure of an indinavir-or ritonavir-containing regimen and that NNRTIs may be an important component of salvage treatment regimens in NNRTI-naive patients. Also, novel phenotypic drug susceptibility assays hold promise as valuable tools to assist clinicians in selecting optimal salvage regimens.
